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ABSTRACT
The active-chromosphere giant HD 12545 is noteworthy for its remarkable 1990 photometric amplitude
of 0.6 mag in K, which implies that nearly half the visible hemisphere of the star was covered by cool
spots. We report the results of a spectroscopic study of HD 12545, showing it to be an
active-chromosphere binary with an orbital period of 23.97 days. We establish the spectral type as
KO III, and measure i; sin/=17 ±2 kms-1. The various indicators of activity in the optical and
ultraviolet suggest that HD 12545 is one of the most active RS CVn systems yet observed. Ha is a
broad, variable emission feature, with a strength comparable to what is observed in very active RS CVn
systems such as V711 Tau (HR 1099) or II Peg. The surface fluxes of chromospheric and
transition-region lines in the UV range from 10 to nearly 400 times the solar values. With a moderately
strong Li I >16707 feature and a large space motion, HD 12545 is an unusual but not unique giant, since
these properties are similar to those of the single active-chromosphere giant HD 33798.

1. INTRODUCTION
Several years ago Bidelman (1985) noted that the
eighth magnitude star HD 12545 (BD +34°363, SAO
055233) possessed very strong Call H and K emission
that, even on objective prism spectra, appeared to have
intensity much greater than the nearby continuum. This
information, along with the late spectral type (estimated
by Bidelman as G5) suggested that HD 12545 was an
extremely active RS Canum Venaticorum binary (Hall
1981 ). It was on this basis that Fekel & Hall ( 1985) added
the star to a list of suspected variables. The presence of an
extremely active chromosphere on HD 12545 was confirmed by slit spectra of the H and K region ( Strassmeier et
al 1990) which showed that the Ca II H and K emission
intensity was 2-3 times that of the local continuum; abso1
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lute emission line fluxes of these lines were at least 10 times
the quiet Sun values.
The photometric behavior of HD 12545 has been noteworthy. An initial reconnaissance by Hooten & Hall
( 1990) found HD 12545 to vary by 0.16 mag in V with a
photometric period of 25.1 days, reasonably typical values
for “long period” RS CVn binaries. However, during the
last few months of 1990, HD 12545 showed a remarkably
high amplitude of 0.6 mag in V (Nolthenius 1991). Since
the light variations of (noneclipsing) RS CVn systems are
due to the presence of cool starspots, where the photometric period represents the rotation period of the star, the
record amplitude exhibited by HD 12545 in 1990 implies
that nearly half the stellar hemisphere was covered by
spots. Multicolor photometry obtained in early 1991, when
the V amplitude was 0.5 mag, allowed Strassmeier & Olah
(1992) to derive a very precise temperature difference between spot and photosphere of 1100±35 K. HD 12545 has
recently been assigned the variable star designation XX
Tri.
In this paper we report the results of several years of
optical spectroscopic monitoring of HD 12545, as well as
an observation of the ultraviolet spectrum obtained with
the International Ultraviolet Explorer satellite {IUE).
From the optical spectra and CORAVEL observations, we
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derive an orbital period of 23.973 days. HD 12545 is one of
a handful of RS CVn systems where the Ha line is always
seen as an emission feature above the continuum (other
members of this group include V711 Tau and II Peg). This
is a signature of an extremely high level of chromospheric/
coronal activity.
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2. ORBIT
Between 1985 and 1992 we obtained 32 spectra of HD
12545 to determine a spectroscopic orbit and search for
emission line variability or spectral anomalies. The spectroscopic data were obtained either at Kitt Peak National
Observatory (KPNO) with the Coudé feed telescope or at
the National Solar Observatory (NSO) with the McMath
telescope. The spectra were all recorded with CCD detectors, and had resolutions ranging from 0.2 to 0.8 Á, with
signal to noise ratios of 100:1 or better. The wavelength
regions observed included those centered on Ha, the Na I
D lines, and 6430 A. The data were reduced in a standard
fashion with the Image Reduction and Analysis Facility
(IRAF) subpackage for CCD spectra. Radial velocities
were derived from the digital spectra relative to the velocity standard a Ari (K2 Illab); vr= —14.5 km s_1 (Scarfe
et al 1990) with IRAF cross-correlation routines. These
observations were supplemented by 11 observations of HD
12545 made with a CORAVEL radial velocity scanner in
1991-92 at the 1 m telescope in Maidanak, Uzbekistan. No
systematic velocity corrections were added to any of the
datasets.
All the detector/telescope combinations showed comparable internal errors of roughly 1 km s_1, and were given
equal weight in the orbital solution. The formal least
squares solution to the orbit yielded a very low (0.03
±0.02) eccentricity which was not significant at the la
level. We therefore adopted a circular orbit, choosing zero
phase to correspond to conjunction with the primary star
in front, a convention often used in photometric spot modeling (Bopp & Dempsey 1989). The velocity measures are
listed in Table 1, while the derived orbital elements are
given in Table 2. The radial velocity curve is plotted as Fig.
1. The similarity of the spectroscopic (orbital) and photometric (rotational) periods indicates that the primary star
in HD 12545 rotates synchronously, behavior that is typical for active-chromosphere binaries (Strassmeier et al
1990).
The mass function
is very small. If we assume
the inclination of the orbital plane is near 60°, a primary
mass of between one and two solar masses results in a
secondary mass between 0.3 and 0.5 q. The secondary
mass is lower still if the inclination is near 90°, as Nolthenius ( 1991 ) suggests it might be. Since the primary is definitely a giant (see below), the secondary will be several
magnitudes fainter at all wavelengths. There is no sign of a
secondary spectrum in any of our CCD observations. In
this regard the HD 12545 system resembles the activechromosphere binaries a Gem (K1 III; P—19.6 days) and
k And (G8 III/IV; P=20.5 days) both of which are
single-line systems with small mass functions.

3. OPTICAL SPECTRUM
Our spectra of HD 12545 in the 6430 A region were
compared with the spectra of late G and early K subgiants
and giants. In this wavelength region there are several
luminosity-sensitive and temperature-sensitive line ratios
for F, G, and K stars (Strassmeier & Fekel 1990) that can
be used along with the general appearance of the spectrum
to classify a late-type star. The photospheric absorption
line spectrum of HD 12545 is most closely matched by that
of a K0 III star with a v sin i value of 17 ±2 km s-1 (this
value, obtained from our spectra, was previously reported
in Strassmeier et al 1990). The measured v sin /, combined
with the photometric (rotational) period of 24 days
(Strassmeier & Olah 1992), yields a minimum radius of 9
Rq, supporting the classification of HD 12545 as a giant
(Hooten & Hall 1990).
HD 12545 is one of a small group of activechromosphere stars displaying Ha as an emission feature
above continuum at all times (as opposed to Ha being a
partially filled absorption line). Members of this group include V711 Tau and II Peg; such objects represent the
most active of the RS CVn binaries (Strassmeier et al
1990; Fekel et al 1986). The similarity of Ha emission
strengths in the three stars is illustrated in Fig. 2.
The Ha emission line in HD 12545 is highly variable in
profile and equivalent width (EW). The roughly dozen Ha
spectra that we have obtained often show a very broad ( 15
A=700 km s“1) emission line, reminiscent of what is observed in the active-chromosphere objects HD 8358 = BI
Cet (Bopp et al 1985) and HII 1883=V660 Tau (Marcy
et al 1985). Considering the differences among the three
stars (HD 8358 is a double-line spectroscopic binary with
an orbital period near 12 hr, HII 1883 is a single, rapidly
rotating Pleiades K dwarf), the similarity in emission profiles is remarkable. Figure 3 shows some of the profiles that
have been obtained; note the great width of the Ha line as
well as the increases and decreases in EW that take place
on a time scale of a few days.
The measured EW of the Ha emission line ranges from
0.2 to nearly 3.0 Á. Our observations do not have sufficient
phase coverage to allow us to decide if this variability is
always related to the stellar rotation period (in this case
the modulation of EW would be due to active regions rotating into or out of our line of sight, and would be periodic), or whether the changes seen in Ha are stochastic,
possibly the result of stellar flares. In support of the former
explanation, we note that the EW variations appear to occur on time scales of days, rather than hours. Additionally,
the strongest Ha emission we observed in HD 12545 (EW
=2.7 Á on 1990 November 15) was very close to the deep
photometric minimum (maximum spot visibility) reported
by Nolthenius (1991).
Figure 4 compares the region wavelength near 6700 A
in a Boo (K2 III) and HD 12545. The absorption features
in the spectrum of HD 12545 match closely those in the
spectrum of a Boo (the differing line depths being due to
higher v sin i of HD 12545) with one exception: a moderately strong Li I A6707 line can be seen in the spectrum of
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Table 1. Radial-velocity measurements of HD 12545.
HJD
2440000+

Phase

6076.6203
6077.7096
6126.6094
6128.6133
6129.6216

0.7589
0.8043
0.8441
0.9277
0.9698

-41.6
-40.7
-40.3
-34.6
“29.1

1.1
1.1
“0.3
-1.0
0.4

6139.6074
6338.8428
6339.7793
6340.8394
6341.8843

0.3863
0.6972
0.7362
0.7804
0.8240

-16.7
-43.3
-43.2
-42.5
“40.6

-0.9
“1.4
-0.5
-0.0
0.4

6342.8872
6388.7607
6392.8842
6402.6128
6422.6196

0.8659
0.7794
0.9514
0.3572
0.1918

-37.2
-43.6
-32.1
“14.1
-10.5

1.4
-1.1
-0.7
-0.4
0.7

6422.7300
6423.6265
6426.5903
6717.9085
6720.8766

0.1964
0.2338
0.3574
0.5094
0.6332

-10.4
-10.1
“14.0
-27.2
-39.5

0.7
0.1
-0.3
0.2
-0.9

6742, 7871
6743, 7769
7151. 7948
7186. 7490
7189. 7954

0.5472
0.5885
0.6084
0.0665
0.1936

“32.1
-35.3
“38.0
-22.5
-9.3

-0.9
-0.2
-1.3
-2.7
1.9

7198
7207
7211
7453
7815

0.5680
0.9407
0.1084
0.2110
0.3127

-34.2
-33.6
-18.7
-9.8
-10.3

-1.0
-1.2
-2.5
0.9
1.1

,7715
,7061
,7256
,9156
,9481

0 - C
(km s'*)

8303 ,
83 07,
8314,
8315.
8319.

1162
1143*
1396*
1104*
1055*

0.6343
0.8011
0.0942
0.1346
0.3013

-35.7
-39.7
-18.5
“15.4
“12.1

3.0
2.2
-1.1
-1.1
-1.1

8319.
8321.
8507.
8604.
8656.

1133
1318*
0010
7295
1309*

0.3016
0.3858
0.1391
0.2157
0.3599

-11.4
-13.4
-13.1
-8.2
-14.9

-0.4
2.3
0.9
2.3
-1.0

8660,
8664,
8670.
8915,

1240
0820*
0898*
8146

0.5265
0.6916
0.9422
0.1922

-28.0
-42.7
-28.5
-11.3

1.2
-1.0
3.8
-0.1

*CORAVEL measures
the chromospherically active star. The measured EW of
the Li I feature is 130 mÂ, but this probably represents the
EW of the blended Li I line and a nearby Fe I line, which
have rest wavelengths of 6707.82 and 6707.44 Â, respectively (Andersen et al 1984). The Fe I feature in the spectrum of a K0 giant has an EW of about 30-35 mÂ (Pal-

lavicini et al 1992), implying that the Li I feature in HD
12545 has an effective EW of 100 mÀ. Bell & Gustafsson
(1989) assign an effective temperature of 4820 K to a
K0 III star. From this value and the curves of growth for
Li I computed by Pallavicini et al (1987) the lithium
abundance of HD 12545 is log «(Li) ~ 1.7. A similar lith-
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Table 2. Orbital elements of HD 12545.
P = 23.9729 ± 0.0022 days
y = -26.46 ± 0.23 km s'1
e = 0.0 (assumed)
T(conj.) = 2447808.451 ± 0.076
T(max. vel.) = 2447814.444
K = 16.30 ± 0.29 km s*1
a sin i = 5.38 ± 0.10 x 106 km
f(M) = 0.011 ± 0.001 Mq

ium abundance in HD 12545 has been reported by Strassmeier & Olah (1992). Such a value is much less than the
abundance of about 3.0-3.2 found in Population I stars
before main-sequence lithium destruction occurs (Boesgaard & Tripicco 1986, Balachandran et al 1988).
Standard evolutionary theory predicts a maximum lith-

ium abundance in post-main-sequence stars of log «(Li)
<1.5 (Iben 1967a,b). Brown et al (1989) surveyed 644
“normal” giants and found that the vast majority have
lithium abundances significantly less than the theoretical
limit while about 2% of the giants exceed this limit, some
by a wide margin. Pallavicini et al (1992) have surveyed
many chromospherically active stars for lithium and claim
that nearly two-thirds of these stars have anomalously high
abundances. They suggest that rapid rotation of chromospherically active stars inhibits depletion in some way.
Fekel & Balachandran (1993) examined the lithium abundance of eight moderately rapidly rotating single chromospherically active giants and found that over half of these
single giants have lithium abundances that are at or above
the theoretical limit. Also identified in their survey were
two giants in RS CVn binaries that have lithium abundances that are near the limit. They suggested that the
angular momentum and newly created lithium were transferred to the surface when the convective envelope reached
the rapidly rotating core of these stars during the first ascent of the red giant branch. The lithium abundance of HD
12545 is slightly greater than the theoretical limit, supporting the contention that rapid rotation is somehow related
to lithium enhancement in giants. For HD 12545 the large
space velocity of over 100 kms-1 (Strassmeier & Olah
1992) implies that it is an old disk star. The combination of
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Fig. 1. Radial velocity curve of HD 12545.
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Wavelength (A)
Fig. 2. The Balmer Ha region in the three chromospherically active
binaries HD 12545, HR 1099 (V711 Tau), and II Peg, showing the
similar appearance of the emission features.

Fig. 3. The variable Ha profile of HD 12545 during four nights in 1985.
4. ULTRAVIOLET SPECTRUM

a lithium abundance that is greater than predicted by theory and a high space velocity, although unusual, do not
make HD 12545 unique since HD 33798=V390 Aur, a
chromospherically active single giant, has a similar lithium
abundance and large space motion (Fekel & Marschall
1991). With the detection of at least a small number of
post-main-sequence giants that have a strong lithium line,
care must be taken in associating the presence of such a
line with pre-main-sequence evolutionary status.
At the wavelength region of the Na I D lines (Fig. 5), a
A5876 He I absorption feature is present. Activechromosphere stars typically have this line present with
EW~ 10-40 mÀ (Wolff & Heasley 1984). The He I line in
the spectrum of HD 12545 is blended with a photospheric
absorption feature on the long-wavelength side, but a reasonable estimate of the He I line strength would be near 50
mÂ, a value consistent with the other indicators of high
chromospheric activity.
The Z) lines themselves are distorted by additional narrow absorption components on the long-wavelength side.
These narrow components have velocity +1 kms“1,
which is 28 km s_1 more positive than the systemic velocity, suggesting that these features are interstellar in origin.

One low-dispersion spectrum of the ultraviolet region of
HD 12545 was obtained with the International Ultraviolet
Explorer satellite (IUE) on 1986 September 3 UT. This
short wavelength observation (SWP 29132) covered the
wavelength region AA 1200-2000. The data were reduced
in a standard fashion with the IUE software to calibrate
the spectrum and convert to absolute flux units. A plot of
this spectrum is illustrated as Fig. 6. HD 12545 shows the
usual array of chromospheric and transition-region lines
that are seen in RS CVn binaries such as UX Ari (Linsky
et al 1982) or VY Ari (Bopp et al 1989).
Some care is required to convert the observed IUE
fluxes into surface fluxes. There is no measured trigonometric parallax for HD 12545, and the distance of 77 pc
given in the Catalog of Chromospherically Active Binaries
(Strassmeier et al 1988) is based on the assumption that
HD 12545 is a subgiant with an absolute visual magnitude
of +3.2, and a visual magnitude of 7.6, values now known
to be in need of revision [the second edition of the Catalog
(Strassmeier et al 1993) revises the distance to 310 pc]. If
we assume (following Strassmeier & Olah 1992) that the
maximum (unspotted) brightness of HD 12545 is F=8.1,
then a K0 III spectral type with My=0.5 (Allen 1976)
places HD 12545 at a distance of 330 pc. We derive surface
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FIG. 4. The A6700 region in a Boo (K2 III) and HD 12545. The Li I 2,6707 feature in the spectrum of HD 12545 is indicated by the vertical line.
fluxes using (V—R)=0.11 (appropriate for K0 III spectral type), Fmax=8.1, and the relationship between visualband surface flux and ( V—R) (Barnes et al 1978; Linsky
et al 1979) to compute the apparent angular diameter. In
Table 3 we give the observed ultraviolet emission line
fluxes, surface fluxes, and the relative line fluxes
/(line)//boj. We note that these surface fluxes are not corrected for possible extinction, which could amount to a few
tenths of a magnitude in F, and reduce the surface fluxes
somewhat. Given the uncertainties in the existing photom-

etry, a more precise determination of extinction is not possible.
Simon & Fekel ( 1987) derive relations between line surface fluxes and rotation periods of active-chromosphere
stars of the form
log F(C IV) =6.05-0.64 log P,
log P(He II) = 5.62-0.56 P,

Fig. 5. The region of the Na I D lines in a Ari (K2 III) and HD 12545. The position of He I 25876 is indicated by the vertical line. The narrow
redshifted components of the D lines in the spectrum of HD 12545-1are presumably interstellar in origin. The shallower line depths in the spectrum of
HD 12545 are due to its rotational broadening of v sin i—17 km s .
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Fig. 6. IUE SWP spectrum of HD 12545 obtained on 1986 September 3 UT.
for >11550 C IV and A1640 Hell, respectively. The 24 day
rotational period for HD 12545 predicts surface fluxes
about a factor of 4 lower than the observed flux. While such
activity levels are not without precedent (the surface fluxes
in the very rapidly rotating G giant FK Com are about a
factor of 7 above Simon & Fekel’s relation), they confirm
that HD 12545 is highly active, in agreement with the
optical diagnostics.

5. CORONAL X-RAY EMISSION
HD 12545 was positively detected by ROSAT during
the all-sky portion of the mission (Dempsey et al
1993a,b), with an average count rate of 0.88±0.17 s-1,
equivalent to a flux of 5.3 X10“12 ergs cm-2 s-1. No variability, due to either rotational modulation or flares, was
detected in the x-ray light curves (Dempsey et al 1993c).

Table 3. UV emission-line fluxes in HD 12545.a)
Observed
Flux

Line

Surface
Flux

Surf. Flux/
Quiet Sun

f(line)/
I
bol

N V

1240

1.6(-13)

2.4(5)

376

6.7(-6)

O I

1305

2.9(—13)

4.3(5)

79

1•2(-5)

C II

1335

1•5(-13)

2.2(5)

35

6.2(-6)

2.4(-13)

3.6(5)

101

9.8(-6)

S IV, O IV] 1393,1402
C IV

1550

4.1(-13)

6.1(5)

94

1 • 7(-5)

He II

1640

1.7(-13)

2.5(5)

215

7.0(-6)

C I

1657

1•5(-13)

2.2(5)

27

6.2(-6)

1810,1817

1.4(-13)

2.1(5)

9

5.8(-6)

1893

3.7(-14)

5.5(4)

Si II
Si III]

1•5(-6)

a

)ln ergs cnf^s"*
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Using the Kmax and (V—R) values above along with the
Bames-Evans relation yields an x-ray surface flux of
7.9 X106 ergs cm“2 s“1. For a giant with a rotation period
of 24 days, the flux-period relation for RS CVn systems
derived by Dempsey et al (1993b) suggests a surface flux
around 9.6X105 ergs cm“2 s“1, about a factor of 8 lower
than what is observed, again confirming the very active
nature of HD 12545.
6. SUMMARY AND CONCLUSIONS
We have shown HD 12545 to be an activechromosphere binary with an orbital period of 23.97 days.
The spectral type is K0 III, and the measured v sin / of 17
kms“1 yields a minimum radius of 9Rq. HD 12545 be-

2509
longs to a small group of highly active stars showing Ha as
an emission feature above continuum at all times. The high
level of activity is confirmed by detection of strong emission features in the ultraviolet, a He I A5876 absorption
line, and strong coronal x-ray emission. HD 12545 is one
of an increasing number of chromospherically active stars
that have been found to possess a moderately strong Li I
A6707 line. With an abundance of log «(Li) ^ 1.7, which is
unusually high for a giant, and a large space motion, HD
12545 appears to be a post- rather than a pre-mainsequence star.
This research was supported in part by NSF Grant No.
AST 85-20542 and NASA Grant No. NAG 5-954 to
B.W.B. and NAG 5-397 to F.C.F.
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